Background/Objectives: Pregnancy is a critical period in a woman's life where nutrition is of key importance for optimal pregnancy outcome. The aim of this study was to assess maternal nutrient intakes during early pregnancy and to examine potential levels of energy underreporting. Subjects/Methods: Three-day food diaries were collected from 260 healthy pregnant women sampled from the control arm of a large Irish pregnancy cohort at 14 weeks gestation (range 12-20 weeks). Results: Up to 45% of pregnant women may be underreporting daily energy intake (EI). Multiple logistic regression analysis found that having a body mass index (BMI) of X25 kg/m 2 compared with a BMI o25 kg/m 2 (odds ratio, 4.4; 95% confidence interval, 2.5-7.7) was the main predictor of energy underreporting. Educational attainment is also an important predictor of energy underreporting. Women who underreport their EI tend to be less compliant with the current dietary recommendations for pregnancy. Conclusions: These data highlight the need for more education and public health interventions among pregnant women to achieve current dietary guidelines. In the analysis of dietary intakes, removal of extreme under reporters (Goldberg's ratio o0.9) may allow for more accurate assessment of nutritional intakes amongst pregnant women.
Introduction
In a woman's life cycle there is no time where nutrition is more important than before and during pregnancy. It is widely known amongst health care professionals that 'good nutrition' is an essential ingredient in reaching a healthy pregnancy outcome. Pregnancy has been described as a 'critical period' during which time maternal nutrition is a key factor influencing both the immediate and long-term health of both infant and mother. Barker et al. (1993) have shown that impaired intrauterine growth and development may program the fetus to develop metabolic and endocrine diseases in adulthood, such as obesity, cardiovascular disease and diabetes mellitus. Poor nutrition during this time may permanently alter the structure and function of different organs in the fetus. Animal research has shown that nutrition affects oocyte and embryo quality, and ultimately fetal development and pregnancy outcome (Kind et al., 2006 , Smith et al., 2010 . In human models, the mother's weight is a chief indicator of habitual energy intake (EI) and nutritional status before conception and is associated with infant size at birth and subsequent pregnancy outcomes (Teles et al, 1994; McGowan and McAuliffe, 2010) . Insufficient intake of micronutrients during times of rapid tissue growth such as pregnancy has the greatest potential to do harm (Scholl, 2008) .
The accuracy of dietary records in pregnancy remains uncertain. Results from previous epidemiological studies in adults have shown that underreporting of dietary intake occurs frequently, particularly in women (Hill and Davies, 2001) . Few studies have looked at underreporting levels in pregnancy. The largest study of misreporting of EI in pregnancy to date was carried out in 490 pregnant Indonesian women. They reported evidence of underreporting during each trimester of pregnancy in 16-30% of women. Levels of underreporting were highest in the first trimester (Winkvist et al., 2002) . This cohort of women may not be representative of pregnant women in developed countries. A UK study by Derbyshire et al. (2009) found that up to 24% of their sample may be underreporting, however, their sample size was quite small (n ¼ 76).
There still remains a lack of data surrounding the nutritional habits and energy reporting of pregnant women. The aims of this study were to examine nutrient intakes of pregnant women living in Ireland during pregnancy and compare these intakes to the current guidelines for pregnancy. We also wished to examine levels of energy underreporting in pregnancy and to compare nutrient intakes between underreporters and normal reporters.
Materials and methods

Sampling
This is a prospective observational study with institutional ethics approval and maternal written consent. We recruited 260 healthy pregnant women from the antenatal clinics at the National Maternity Hospital, Dublin between March 2009 and January 2011. The National Maternity Hospital is a tertiary referral university hospital in Dublin with an annual delivery rate of 10 000. Women were invited to take part in this study if they were between 10-18 weeks' gestation, with a singleton pregnancy and adequate English to enable study participation. Women with medical disorders were excluded. At the first antenatal hospital visit, study participants were weighed using a SECA weighing scales (SECA gmbh & co. kg., Hamburg, Germany) to the nearest 0.1 kg and height was measured to the nearest 0.1 cm using a wall-mounted stadiometer. 'Underweight' was defined as having a body mass index (BMI) o18. and Lactation, 1990) . Smoking history and highest maternal educational attainment were recorded as well as periconceptual folic acid and other supplement usage using a selfadministered questionnaire. Second level education was completion of education up to the age of 18 years and 3rd level education was attainment of a university college degree. Supplement usage was not included in the nutrient estimations.
Data collection
Food and nutrient intakes. Food and beverage intakes were assessed using a 3-day estimated food diary (FD), which was completed 1-2 weeks after the first antenatal hospital visit between 12 and 20 weeks gestation. Participants recorded in detail all foods and beverages consumed over 3 consecutive days, including a weekend day. The amount of each food was also recorded. Participants were instructed to quantify their food consumed using either the manufacturer's weight on the food packaging or using household measures (e.g., tablespoons Levis et al., 2010) . The research dietitian was solely responsible for the collection, quantification, coding, and entry and checking of the food diaries. The food diaries were reviewed once per week to check for errors and to document the quality of the data. If there were any days missing in the FD this was also documented. The WISP system included an over range check for portion sizes, by generating a warning if a food weight was entered five times more than an average large portion.
Database and food groups. The main nutrient database or 'food file' consisted of 414 000 rows of data describing all food and beverages consumed by each participant at every meal for the 3 recording days. Seventeen food groups were extracted from the WISP database: 'breads', 'breakfast cereals', 'pasta/rice/grains', 'meat and meat products', 'fish and fish products', 'milk, cream and yogurt', 'cheese', 'eggs', 'potatoes', 'other vegetables', 'fruit and fruit juice', 'cakes, puddings and deserts', 'fats and oils', 'sugars and confectionary', 'alcoholic drinks', 'other drinks' and 'other foods'. Six additional food groups ('fruit juice', 'soft drinks', 'white fish/shellfish', 'oily fish', 'poultry', 'red meat' and 'soups and sauces') were created by dividing some preexisting food groups within the food file. For example, the 'meat and meat products' group was broken down into three more defined groups: 'red meat', 'poultry' and 'other meats' groups. Similarly, within the 'fruit and fruit juice' group all food codes representing fruit juice were recoded into a separate food group entitled 'fruit juice'. Soft drinks were recoded into a separate group from the 'other drinks' group, as were soups and sauces from the 'other foods' group.
Compliance with dietary recommendations. We evaluated the participants' diets based on the dietary guidelines recommended by Irish and European guidelines (Eurodiet, 2000; Irish Heart Foundation, 2007) . We compared micronutrient intakes with the Irish recommended daily allowances (RDAs) as estimated by the nutrition subcommittee of the Food Safety Authority of Ireland (1999). We then compared food group intakes to the Irish Food Pyramid (Department of Health and Children, 2005) . Pregnant women are recommended to choose six or more servings of breads, cereals and grains; five servings of fruit and vegetables; five servings of dairy products; three servings of meat, fish and poultry and to limit intake of foods high in fat, sugar and salt (less than three servings per day) (Department of Health and Children, 2005) .
Assessment of energy underreporting. Schofield equations were used to calculate basal metabolic rate using the patient's weight (kg) and age (years) (Schofield et al., 1985) . Goldberg's method was used to predict levels of energy underreporting using the ratio of EI to estimated basal metabolic rate . A ratio of p1.2 may indicate underreporting and a ratio of o0.9 is a sign of definite underreporting . It was decided to run our analyses both with and without under reporters. We divided our subjects into three reporting groups: 'definite underreporters' if their Goldberg's ratio was o0.9; 'potential underreporters' if their Goldberg's ratio was 40.9 but p1.2 and 'normal reporters' if their Goldberg's ratio was 41.2.
Statistical analysis
All data analysis was carried out using PASW statistics version 18.0. (SPSS Inc., Chicago, IL, USA). Descriptive statistics were used to calculate mean nutrient intake, s.d. and range of the variables. With the exception of vitamin D, all nutrients were normally distributed; thus, results are expressed as means (s.d.). One-way ANOVA was used to compare differences in energy and nutrient intake across the three energy-reporting groups. Post hoc comparisons were employed using Tukey's test. Independent samples t-tests were used to see if there were any differences in nutrient intakes between women of different age groups, BMI categories, education attainment and smoking status. Logistic regression was used to determine the main predictors of energy underreporting.
The dependent variable was 'being an underreporter', where underreporters were coded as 'one' and normal reporters as 'zero'. The model contained four independent factors: age o30 years compared with X30 years, BMI X25 kg/m 2 compared with BMIo25 kg/m 2 ; smoker versus non-smoker and achieving second level education versus attainment of third level college degree. Multiple logistic regression analyses were also used to assess multivariate associations with reaching a nutrient or food group recommendation. Nutrients were categorized into binary variables and were given a value of 'one' if the patient met the recommendation for that particular nutrient (compliant) and zero if the patient did not (non-compliant). Results were considered statistically significant if Po0.05.
Results
Of 260 participants, 248 were included in the final analysis (6 excluded because of incomplete data and 6 subsequently miscarried). The mean gestational age of completion of the 3d FD was 14 weeks (range 12-20 weeks). The mean age of the participants was 33.6 years (range 23-43 years). Baseline characteristics of the study participants split by level of underreporting are given in Table 1 . In all, 46% of the total sample was considered to have a 'normal weight' based on their BMI at their first antenatal hospital visit; 38% were overweight and 15% were obese. The majority of participants were of Caucasian ethnicity (97%), whereas the remaining 3% were Asian or African. Less than 50% of the total sample reported taking a prenatal multivitamin supplement since they became pregnant. The most common type of supplement reportedly taken was a prenatal multivitamin and mineral supplement. Table 2 illustrates the level of possible underreporting according to BMI category. The Goldberg's cutoff of p1.2 revealed that 109 (44%) women may be underreporting EI. Within this group 27 (10.9%) women were classified as more definite underreporters with a Goldberg's ratio of o0.9.
Younger women (o30 years) tended to underreport EI than older women (P ¼ 0.07) whereas women who had reached second level education only were significantly more likely to underreport EI than women who had reached third level education or above (Po0.001). ) was the main predictor of energy underreporting. Having not achieved third level education (college degree) was also a significant predictor of underreporting. Being o30 years of age and smoking were not significant predictors of energy underreporting. Table 3 presents mean daily intakes of energy, macronutrients and micronutrients for the total sample and for each energy-reporting category. With the exception of carbohydrate (% total energy), saturated fatty acids (% total energy), mono unsaturated fatty acids (% total energy) and vitamin D, intakes of all other nutrients and foods were significantly different across the three energy-reporting groups. When comparing intakes in women who did or did not report taking a multivitamin supplement there was a significant difference in intake of fruit and vegetable portions only (4 portions in users versus 3.2 portions in non-users, P ¼ 0.003). There was a possible trend towards significance in total food intake in grams (2301 vs 2108 g in supplement users vs non-users, respectively, P ¼ 0.07) (data not shown). Table 4 reports mean daily servings of food groups according to the Food Pyramid (Department of Health and Children, 2005) for the total sample and for each energy-reporting category. Intakes of food group servings were statistically different across all three energy-reporting groups except for the 'meat, fish and alternatives' food group. Finally, Table 5 shows the independent associations and proportions of pregnant women meeting the recommendations for fruit and vegetable intake, vitamins A, C and folate and their dependence on age, BMI, education level and smoking status assessed using multivariate logistic regression. Significant differences were found in mean BMI and education level between those who met or exceeded the guidelines for vitamins A and C, folate and fruit and vegetable intake and those who did not (Po0.05). Women within the normal BMI category were more likely to meet the recommendations for fruit and vegetables, vitamins A, C and folate than those in the overweight/obese categories. Those who had achieved the third level education were significantly more likely to meet the recommendations for fruit and vegetables and vitamin A than those who did not achieve this level of education.
Discussion
Underreporting of EI is a phenomenon associated with dietary surveys and must be taken into account when interpreting results. We found that up to 45% of pregnant women could potentially be underreporting their EI and 10.9% were categorized as 'definite underreporters'. Women who were 'potential underreporters' had significantly lower intakes of many nutrients, particularly vitamins A, C, iron and calcium compared with 'normal reporters'.
The most important predictor of energy underreporting was having a BMI of X25 kg/m 2 compared with a BMI o25 kg/m 2 . This finding is consistent with research in both pregnant (Hill and Davies, 2001 ) and non-pregnant females. It may be that this cohort of women restricts what they eat in order to prevent excess weight gain in pregnancy. Not having achieved the third level education was also a significant predictor of underreporting. Being o30 years of age and being a smoker did not predict likelihood of underreporting. Nutrient intakes in underreporters were further below the recommendations for pregnancy compared with 'normal reporters' and this may have affected the skewness of our data. It is important to account for underreporting in dietary surveys but if all 'potential underreporters' are removed from the analysis then the data may be biased towards upper level of intakes. We recommend removing only the extreme underreporters. We chose the Goldberg's cutoff of o0.9. Previous studies in pregnancy have used higher cutoff levels and others have used cutoff values as low as 0.78 (Nowicki et al., 2011) . Using the ratio of energy intake to estimated basal metabolic rate (EI:BMRest)
as an estimate of underreporting brings limitations to the study. The gold standard method for assessing the validity of dietary EI is the doubly labelled water method, which is accurate but expensive (Pikholz et al., 2004) . Considering intakes of our total sample maternal energy and macronutrient intakes were comparable to intakes among non-pregnant women from previous national dietary surveys McGowan et al., 2001; Morgan et al., 2008) . Fat and protein as a percent of energy were slightly above the acceptable macronutrient distribution ranges. Intakes of sodium were also in excess of the current population target of 2400 mg per day (Food Safety Authority of Ireland, 1999) . Reducing sodium intakes during pregnancy may reduce the risk of developing hypertensive 3.4 ± 1.6 3.4 ± 1.6 3.3 ± 1.7 2.9 ± 1.3 NS Fats/sugars/confectionary o3 4 . 1 ± 2.3 4.7 ± 2.4 3.4 ± 1.8 2.2 ± 1.4 o0.001
Abbreviation: NS, not significant. P-value calculated using one-way ANOVA. Normal reporters (Goldberg's ratio 41.2), potential underreporters (Goldberg's ratio 0.91-1.2), definite underreporters (Goldberg's ratio o0.9).
a Fruit juice is included in the fruit and vegetables portions, a half glass is considered one portion, any more is not counted as two portions. 36.2 ± 5.6 37.1 ± 5.0 35.1 ± 5.9 33.5 ± 5.6 0.002 SFA (% TE) o10 a 13.6 ± 3.0 13.9 ± 2.7 13.1 ± 3.3 12.9 ± 2.9 NS MUFA (% TE) o10 a 11.3 ± 2.4 11.5 ± 2.1 10.9 ± 2.6 10.8 ± 2.7 NS PUFA (% TE) 5 Abbreviations: MUFA, mono unsaturated fatty acids; NS, not significant; PUFA, poly unsaturated fatty acids; RDA, Recommended Daily Allowance (Food Safety Authority of Ireland, 1999); RE, retinol equivalents; SFA, saturated fatty acids; TE, total energy. P-value calculated using one-way ANOVA test. Normal reporters (Goldberg's ratio 41.2), potential underreporters (Goldberg's ratio 0.91-1.2), definite underreporters (Goldberg's ratio o0.9).
a Acceptable macronutrient distribution ranges recommended by the Irish Heart Foundation (2007) and Eurodiet (2000) . b RDA for calcium increases from 800 to 1200 mg in the 2nd half of pregnancy.
c Population target for sodium is 2400 mg/day.
disorders including preeclampsia (Department of Health and Children, 2005) . Of most concern were the low-vitamin D intakes. Only two (0.8%) women reached the RDA of 10 mg per day (Food Safety Authority of Ireland, 1999). We previously reported poor-dietary intake of vitamin D and low intake of oily fish in a cohort of Irish pregnant women . Because Ireland lies on latitude 50-551N, sunshine exposure is limited for much of the year, therefore, we must rely solely on dietary sources for much of the year (Holden et al., 2008) . Other micronutrients with poor compliance were calcium, iron and folate. Over 50% of women met the RDA of 800 mg for calcium, however, this requirement increases during pregnancy from 800 mg to 1200 mg per day (Food Safety Authority of Ireland, 1999) and only 16% of women were consuming 1200 mg per day in the first half of pregnancy. Some researchers have suggested that a significant increase in dietary intake of calcium is not necessary for all pregnant women so long as intake is sufficient before pregnancy (Williamson, 2006) . Previous research in Ireland reported only a quarter of women of childbearing age are achieving the RDA for calcium, thus, it is likely that many women enter pregnancy with poor-dietary intake and lowcalcium stores (SLAN, 2007) . Compliance with iron recommendations was similar to calcium with 14% of pregnant women meeting the RDA of 15 mg per day. Sufficient iron intake during pregnancy reduces the risk of iron deficiency, anemia, and is may be associated with increased infant birthweight.
Less than 5% of pregnant women met the RDA of 500 mg per day of folate. All women 'planning or capable of pregnancy' are recommended to take a daily supplement containing 400 mg of folic acid at least 4 weeks before conception and up until the end of the first trimester. Although this recommendation has been in place in Ireland since the early 1990s (Ward et al., 2004) , the level of compliance is uncertain (Botto et al., 2005) . We found that 65% of women reported taking a 400 mg supplement of folic acid before conception. The Lifeways study reported 45% of women took a folic acid supplement in the 3-months before conception (Murrin et al., 2007) .
Other studies have reported similar findings in terms of compliance with nutritional recommendations. The Avon Longitudinal Study of Pregnancy and Childhood (ALSPAC) reported that intake of most nutrients during pregnancy were comparable to intakes of women of childbearing age in previous British dietary surveys except for lower energy, iron and folate intakes during pregnancy. Use of supplemental folic acid was poor with only 9% of women reporting to take supplemental folic acid before 18 weeks gestation (Rogers and Emmett, 1998) . The Southampton Women's Survey described lower periconceptual folic acid supplement use with only 2.9% of women taking folic acid before pregnancy (Inskip et al., 2009) . Our level was substantially higher, but our cohort was quite well educated, which may explain the higher level. Nevertheless, up to 35% of 'well educated' women did not take a folic acid supplement before conception and the mean week of initiating supplementation was 5 weeks of gestation, which may indeed be too late to provide protection against neural tube defects. Our study had numerous strengths with a relatively large sample size of pregnant women. There is paucity of data on the diets of pregnant women in Ireland to date and these data will significantly add to the knowledge in the field of maternal nutrition. These results provide current information on pregnant women in early pregnancy. With increasing levels of obesity and changing dietary habits, this is a field that requires regular up-to-date information to allow public policy makers and health care professionals provide relevant nutritional advice to pregnant women. This is also the first study to our knowledge to look at under reporting using two cutoff levels. We included two cutoff levels to define underreporting (a Goldberg's ratio of o0.9 and p1.2). Limitations of the study also need mentioning. Firstly, levels of nausea and vomiting were not closely monitored and even though women with known hyperemesis were excluded from this analysis, this may explain the relatively low-EIs. An obvious limitation was the reliance on self-reported data with the use of the FD. There are few methods of estimating a person's current eating habits, however, the 'truth' of food records may be uncertain and needs to be considered when interpreting the results (Rutishauser, 2005) . Another limitation in the study was a lack of supplemental data. Micronutrient intakes may have been closer to the recommendations if the nutritional information from supplements were added to the dietary data. This would be particularly evident for nutrients like vitamin D. Future studies should include this information. There was no data on physical activity in this analysis. Pregnant women in Ireland are not very physically active , however, it would have been interesting to include this in our analysis, particularly when focusing on energy underreporting.
In conclusion, these data add substantially to our existing knowledge of the dietary nutrient intakes and energy underreporting of pregnant women. Of most nutritional concern were the low-vitamin D intakes. More research is necessary to determine the correct dosage and timing of vitamin D supplementation in pregnancy, consideration should be given to its potential significance in pregnancy. Low-folate intakes are also an issue during early pregnancy. With only 5% of women meeting the RDA from food sources alone, women need supplemental folic acid to achieve the recommended 500 mg per day. Over one-third of women did not report taking a folic acid supplement before conception, thus, public health interventions must be targeted towards all women of childbearing age to increase awareness of the important role of folic acid in the periconceptual period and of the dietary sources of folate. Mandatory fortification of bread and flour products with folic acid may also be reconsidered.
Finally, underreporting of EI is an issue amongst pregnant women and needs to be acknowledged in dietary research.
Further research is needed to determine the exact cutoff levels to define underreporting in pregnancy. Maternal BMI and educational attainment appear to be the main predictors of underreporting. These two factors also influence whether women meet certain nutrient and dietary recommendations for pregnancy. We conclude that removing only the extreme underreporters may allow for more accurate assessment of nutritional intakes amongst pregnant women.
